ABSTRACT Decision-makers' intelligence is usually pre-assumed to be sufficient and contingent to satisfy various requirements in different decision support models. However, it can be hardly assured that decisionmakers can be so intelligent as required in practical decision-making circumstances. This paper aims to demonstrate the influences of decision-makers' intelligence level on decision-making models. Simulation and laboratory experiments are designed and carried out. In the simulation experiment, memory capacity and computation ability, two most important ingredients of intelligence, are introduced into the distribution-free newsvendor problem. Memory capacity is defined as the temporal length of historical data that newsvendor can memorize, and computation ability as intuitive complexity of the model applied to determine his optimal order. Then by setting up various intelligence levels, namely, different levels of memory capacity and computation ability, three typical ordering policies of various levels of intuitive complexity are simulated in the framework of the distribution-free newsvendor problem. Then, a laboratory experiment is executed. The ratio between the number of groups of historical demand and data analysis time length and the time length of order-making are defined as the comprehensive index of subject's memory capacity and computation ability. The results of both the experiments demonstrate that the decision-maker's memory capacity and computation ability have significant and positive influences on decision-maker's expected profit. The results might present another piece of the reason that why decision-makers do not always act optimally.
I. INTRODUCTION
Making decision may be the most important activity in human life. However, it is becoming more and more complicated to make a right decision as decision-making problems are growing in magnitude and longitude, and it gets even harder when overloaded information and uncertainty are introduced into the framework of decision-making, where a decision-maker has to make use of historical information to predict future states. New development in decision-making field tends to put forward more and higher requirements on decision-makers' intelligence than ever before. In the most of decision-making models, decision-makers are assumed to be sufficiently intelligent and can always meet different requirements. In fact, during the development process of
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decision-making theory, assumptions on decision-makers shifting from complete rationality to bounded rationality causes a profound and revolutionary change in decisionmaking theory. Nevertheless, the assumption that the decision-maker is always intelligent enough is unchanged, no matter whether or not he is completely or bounded rational. It is undeniable that decision-makers have different levels of intelligence and this difference can make them unable to meet all the requirements to use various decision-making models and approaches that tend to be more and more complicated. When this did happen, it would be necessary to evaluate the influences of decision-makers' intelligence shortage on decision-making.
Although, intelligence shortage is difficult to measure or to achieve these information for privacy protection or lack of techniques to gathering data, this paper will try to find out that how decision-maker's intelligence level affects their decision.
Memory capacity and computation ability are assumed to be measures for intelligence level. Then, by applying simulation method into newsvendor problems we try to establish the connections between newsvendeor's profit and his intelligence ability.
II. LITERATURES REVIEW
One should not overestimate the importance of decisionmaker's intelligence in decision-making. Espinilla et al. [1] argued that a good decision is based on knowledge and not on numbers. In his opinion, efforts should increasingly focus on information and knowledge acquisition and management, rather than in pure decision making procedures. However, we argue that decision-makers' intelligence is necessary and its influences cannot be ignored during the process from data to information/knowledge. In fact, there are rather limited quantitative research on how decision-makers' intelligence affects their decisions. Decision-makers' intelligence is generally regarded and studied as a behavioral or psychological factor in lots of research [2] - [5] . Human intelligence is the intellectual prowess of humans, which is marked by complex cognitive feats and high levels of motivation and selfawareness [5] . Through their intelligence, humans possess the cognitive abilities to learn, form concepts, understand, apply logic, and reason, including the capacities to recognize patterns, comprehend ideas, plan, solve problems, make decisions, retain information, and use language to communicate. Intelligence enables humans to experience and think. Gardner [4] proposed that intelligence should consist of seven distinct types of intelligence-logical-mathematical, linguistic, spatial, musical, kinesthetic, interpersonal, and intrapersonal. It is usually thought that intelligence has a very wide meaning and is also considered as a comprehensive and abstract concept, but at least including memory capacity and ability of computing, reasoning, analyzing, predicting, estimating, etc. However, it is hard to find highly-related investigation on specific kind of intelligence, such as memory capacity and computation ability. Therefore, in this paper we will try to analyze the influences of memory capacity and computation ability on decision-making process for the two factors are the most important factors to judge one's intelligence level.
Influences of intelligence level on decision-making have a close relationship with behavioral decision making theory (e.g. see [6] - [9] ), which attempts to describe and predict decision making behaviors by quantifying or modeling the decision behavior without necessarily being rational [10] , [11] . Several studies have shown the need for developing decision making models based on the human cognitive processes [12] , [13] . Traditional behavioral decision making models are mostly based on quantifying or modeling only one dimension of the decision making process. Also see [9] , [14] - [16] for related aspects of behavioral analysis. Several models have been developed for describing decision making from behavioral point of view; see [17] - [20] . Special kind of intelligence has been studied as well. Payne et al. [21] , [22] introduced decision-maker's flexibility of response (adaptivity) into the framework of decision-making and viewed the adaptivity as one kind of decision-maker's intelligence. Mata et al. [23] analyzed effect of decision-makers' age differences (indirectly but closely related with decision-makers' intelligence) in decision-making process and they found that both younger and older adults seem to be equally adapted decision makers in that they adjust their information search and strategy selection as a function of environment structure. Gavirneni and Xia [24] argued that in most business, inventory decisions are made by intuition, and not based on mathematical analysis. Two strategies, multiple information cues and group dynamics, are evaluated in their study. They observed that the subjects did not anchor to any on particular value, but rather chose an anchor that was closer to the optimal value. And the subjects in groups demonstrated a lower propensity for error than their individual counterparts. Another study [25] applied a new research methodology, verbal protocol analysis, to analyze newsvendor's decision process. They found that subjects tended to focus on the basic information relevant to the decision and did not seek some of the advanced information that would have enabled a better decision. And most subjects correctly identified the overage and underage costs according to available information, but failed to convert that information into the optimal order quantity, which suggest the computation of the critical ratio is not as intuitive as commonly perceived by the academic community.
It appears that many researchers agree that decisionmakers' intelligence is of great importance for making right choice. However, only a few studied its influence on decisionmaking because of difficulties in modeling decision-makers' intelligence. First, from the point of normative research, it is difficult to construct it generally or to define specific kind of intelligence accurately because intelligence is a comprehensive and abstract concept. This difficulty of quantifying intelligence brings an obstacle to study its influences on decision-making problems. Second, from the point of empirical research, there is a shortage of data due to privacy protection or techniques to gathering data, which makes it hard to conduct empirical study with respect to intelligence function in decision-making. Last but not least, one may argue that decision-makers' intelligence has been greatly extended by modern technology such as computers and decision support systems. Hence, decisionmakers' intelligence may no longer be a problem to implement optimal policies generated by using as much data as available. However, this dependency of decision-maker on modern technology does not deny the importance of its intelligence in making decisions. In this case, requirements on decision-makers' intelligence are merely redirected to modern facilities and technology. Therefore, in order to allocate and utilize decision support resources optimally and economically, it is necessary and beneficial to evaluate influences of decision-makers' intelligence on decision making. This paper will try to demonstrate influences of decisionmakers' intelligence on decision-making problems by simulation experiments, for simplicity, via a classical model, distribution-free newsvendor problem. In addition, only two typical contents of intelligence are considered, namely, memory capacity and computation ability.
The newsvendor problem is a mathematical model aiming to determine optimal inventory levels applied in operations management and applied economics. It is (typically) characterized by fixed prices and uncertain demand for a perishable product. If the inventory level is Q, each unit of demand above Q is lost in potential sales. The classical single-period, singleitem newsvendor problem with random demand plays a central role in the conceptual foundations of stochastic inventory theory with vast applications in revenue management and supply chain management [26] - [28] , [30] , [31] . Numerous extensions of the newsvendor problem were reviewed in [29] and [30] .
Traditional stochastic newsvendor model assumes full knowledge of the demand probability distribution. However, in practice, it is often difficult to completely characterize the demand, especially with little historical data or when subjective forecasting methods are used, which are common in business world. Since the demand distribution can be hardly known in practice, Scarf et al. [32] were the first to address the distribution-free newsvendor problem and defined it as the newsvendor problem under incomplete probabilistic information. He assumed that merely the mean and variance are known, and showed that the order quantity maximizes the minimum expected profit over all demand distributions with given mean and variance. Therefore, Scarf's quantity usually be referred as the worst-case order quantity. Gallego and Moon [33] modified Scarf's formula by restricting the demand distribution to non-negative values, and provided a simpler proof with economic interpretations. Alfares and Elmorra [34] extended the modified Scarf's formula to the case of shortage penalty. Assuming the additional knowledge of the support [a, b] of X , Kamburowski [35] solved the problem under both worst-case and best-case scenarios. In the former case, where the newsvendor tries to decide the order quantity by maximizing the minimum expected profit over all demand distribution, the demand scenario is assumed to be pessimistic or conservative. A less pessimistic policy based on minimizing the expected maximum regret was proposed as an alternative(see e.g. [36] , [37] ). Another alternative to the maximin policy was proposed in [38] . Assuming only the knowledge of µ and σ , they demonstrated empirically that the most likely distribution in the sense of the maximum entropy leads on average to better results. In the latter case, one seeks the order quantity that maximizes the maximum expected profit over all demand distribution on [a, b] with given mean and variance. He also showed that the distribution-free newsvendor problem under these scenarios actually reduces to the standard problem with demand distributions that bound the family of allowable distributions in the sense of an increasing concave order. It can be found that different approaches pre-assumed that newsvendor has various intelligence levels. First, she/he can gather the information about historical market demand; second, she/he can compute some statistical indexes, typically such as mean and variance, based on historical market data that she/he memorized; third, she/he can predict the future market demand based on these statistical indexes. All of these express that newsvendor is assumed to be intelligent sufficiently and influences of newsvendor's intelligence are always ignored. In this paper, we will simulate different situations where the newsvendor has various levels of intelligence, to show influences of newsvendor's intelligence on her/his expected profit. Through these simulation experiments, we find that decision-makers' intelligence has significant and positive influences on their expected profit, which means that decision-makers' intelligence does matter in decision-making process.
The rest of the paper is organized as follows. Section III recalls the traditional and distribution-free newsvendor problem. Memory capacity and computation ability are introduced and defined in Section IV. Several simulation experiments are designed and conducted in Section V, and experiment results are analyzed to demonstrate the influences of newsvendor's intelligence on her/his expected profit in this section as well. In VI, a laboratory experiment was designed and executed to verifty the influences of decision-maker's intelligence. Section VII concludes.
III. THE MODEL A. THE CLASSIC NEWSVENDOR PROBLEM
Let D denote the random demand and its unknown distribution G belongs to the class of cumulative distribution function F with some statistical values such as mean µ and variance σ 2 . At the beginning of each term, a newsvendor orders Q quantity of goods at the cost of C for each. Then, one is sold at price P and is salvaged at price S for the over-ordered. It is always assumed that P > C > S exists. The newsvendor's profit is determined by the difference between the order and realized market demand. Let ϕ(x) and Φ(x) be the probability distribution function (PDF) and cumulative probability distribution (CDF) of random demand respectively. Then, based on the first-order moment condition, it is easy to get the newsvendor's optimal order as follows:
where
Usually, P − C also is referred as under-stock cost while C − S as over-stock cost. It can be found that β is the ratio of over-stock cost to sum of over-stock and under-stock cost. Therefore, the optimal order quantity is determined by trade-off between economic factors (ratio of over-stock and under-stock cost) and stochastic factors (distribution of VOLUME 7, 2019 the demand). When the newsvendor orders quantity as (1), her/his maximum expected profit is
Particularly, for a case adopted in many literature that the demand is assumed to be distributed uniformly between [a, b], i.e., D ∼ U[a, b] and 0 a b, the optimal order and expected profit are
and
respectively. Eq. (3) shows that the optimal order quantity is located at the position of 1 − β from a to b. Furthermore, newsvendor's maximum expected profit in (5) can be divided into two parts. The first part (P − C)µ is the expected profit when the newsvendor always ordered a same quantity of goods as the market demands, which also is referred as expected profit with perfect information. The second part (1− √ 3βV c ), where V c = σ/µ is coefficient of variation, can be viewed as an adjustment coefficient that reflects the fact that the newsvendor's expected profit is discounted by two factors: stochastic and economic properties of demand, i.e., V c and β correspondingly.
B. THE DISTRIBUTION-FREE NEWSVENDOR PROBLEM
The distribution-free newsvendor problem was proposed to solve uncertain newsvendor problem which refers the newsvendor problem without information about distribution of market demand. The distribution-free newsvendor problem got its popularity since the problem was presented by Scarf et al. [32] . During the development, two approaches, maximin method and maximum entropy (MaxEnt) method, are discussed most.
The maximin approach assumes that the newsvendor only knows expected demand µ and standard deviation σ . Scarf et al. [32] proposed the following maximin problem to determine newsvendor's optimal order,
where D µ,σ denote the set of all distributions with mean µ and variance σ 2 .
Scarf et al. [32] and Gallego and Moon [33] showed that the optimal maximin order quantity is given by
Accordingly, the newsvendor's optimal expected profit is
Without information about distribution of the market demand, newsvendor's expected profit is presented by an interval, where the upper limit is the expected profit with perfect information and the lower limit can be divided into two parts: the expected profit with perfect information and a discounted coefficient composed of stochastic (V c ) and economic (β) properties of demand.
Another widely-used approach (MaxEnt) is derived from the principle of maximum entropy, which can be formalized mathematically as [39] ,
where D is the domain of integral; H (X ) is the entropy of the random variable X ; ϕ(x) is the unknown PDF of variable X , and g i (x) is the corresponding functions for various observed statistics a i , for example if a i =x then g(x) = x. In the maximum entropy problem, we want to maximize the entropy over all distributions with given information (e.g. moments). Classical examples of entropy-maximizing distributions, listed in [37] , [39] , [40] , and others, are the uniform distribution, when only the range of the distribution is known; the exponential distribution, when the distribution is known to be non-negative and has a certain mean; and the cases which is most relevant to our study, the normal distribution, when the distribution has known mean and variance. Further discussions about this approach can also be found in [38] , [41] , and [42] .
Typically, when the mean and variance of demand are known as µ and σ 2 , according to the MaxEnt approach, the most reasonable prediction should be that future market demand is distributed normally with mean µ and variance σ 2 . Such that, newsvendor's optimal order quantity can be expressed as
where z β = Φ −1 (1 − β) and Φ() is the cumulative distribution function of the standard normal random variable. Then, the optimal expected profit is
Similarly, the optimal expected profit in MaxEnt approach can be divided into two parts as well. This first part is the expected profit with perfect information (P − C)µ, and the second part (in the big bracket in (11)), can be regarded as the discounted coefficient composed of stochastic (V c ) and economic (β) factors of market demand.
IV. MEMORY CAPACITY AND COMPUTATION ABILITY
In decision-making problems, decision-makers may have various levels of intelligence, no matter whether or not they have complete or bounded rationality. Intelligence can be regarded as a comprehensive measure of different kinds of brainpower, such as memory capacity, computation ability, logic reasoning, predicting, etc. Therefore, it might be hard to take all-side influences of decision-makers' intelligence into consideration, instead of that it might be easier to consider some typical key factors. Based on this consideration, we will only discuss the two most important factors, namely memory capacity and computation ability.
In order to solve the distribution-free newsvendor problem, a general approach is that the newsvendor first estimates distribution of future demand based on the observed data of past market demand, and then determines his optimal order policy based on this estimation. During this process, it is always assumed that newsvendor is intelligent and she/he can meet all requirements from various models. For example, in Scarf's model, the newsvendor needs to memorize past observed demand to compute the mean and variance, then to calculate the order quantity by (7) . Meanwhile, in the MaxEnt model the newsvendor must also memorize past demand, compute the mean and variance, also be able to solve the maximum entropy model to predict future distribution of market demand, and then to determine his optimal order. Therefore, it can be seen that newsvendor's intelligence of memory capacity and computation ability are the necessary traits in solving distribution-free newsvendor problem.
In this paper, newsvendor's memory capacity is defined as the temporal length of historical data that a newsvendor can memorize. If we denote the current decision stage as t and the newsvendor has a memory capacity of τ , then he can memorize the realized market demand at t −1, t −2, · · · , t −τ stage.
Furthermore, newsvendor's computation ability is described by two sides: the depth of utilization of historical data and the intuitive complexity of the model applied to determine his optimal order. The former can be further classified into 3 levels. At 0-level, the newsvendor does not use any historical data and he determine his order randomly or in a fixed manner; at 1-level, the newsvendor can make his order based on the first-order statistics, i.e., average of realized demand in the past τ terms. A typical approach that falls into this category is moving average method; at 2-level, the newsvendor can determine the order based on the firstand second-order statistics, i.e., average and variance of the demand, such as Scarf's model or MaxEnt model. And we assume that newsvendor has higher computation ability if she/he is at higher level.
With respect to the second side of computation ability, it is related with the intuitive complexity of the model used to predict future demand. As computation ability is a controversial topic and is difficult to evaluate precisely, so we take the complexity of the adopted-model as a substitution. Another reason for this alteration is based on the common sense that more computation ability is required when the model is more complex. In this paper, by intuition we rank the above three models by complexity from the lowest to the highest as moving average, Scarf's model and MaxEnt model. Simply speaking, the moving average method just used firstorder statistics, while Scarf's model and MaxEnt model both used first-and second-order statistics. Furthermore, in MaxEnt model the newsvendor must solve an optimization model to predict the distribution of future market demand, then to determine her/his optimal order, which is more complex than Scarf's model where the newsvendor just need to put firstand second-order statistics into an equation (7) to calculate his optimal order.
V. SIMULATION EXPERIMENT
In this section, series of simulation experiments will be designed and conducted, then the experiment results are analyzed to demonstrate the influences of memory capacity and computation ability.
A. EXPERIMENT DESIGN
In order to investigate the influences of memory capacity and computation ability, we will consider three different order policies to reflect the influences of computation ability, and in each order policy memory capacity will vary at different levels. As a baseline to compare with, the real distribution of market demand is assumed to be distributed uniformly between a and b. 1 1) Moving average ordering policy. In this policy, the newsvendor will take the average of past τ stages realized demands as the current order quantity, that is, Q t = µ τ . Specially, if τ = 0 which means that the newsvendor does not have memory capacity or computation ability, then she/he orders a quantity randomly between a and b every time. If τ = 1, then Q t = D t−1 which means the newsvendor take last realization as current order quantity. 2) Scarf policy. In this policy, the newsvendor will determine her/his current order quantity by the Scarf's model, that is, her/his optimal order is determined by (7) based on µ τ and σ τ . Specially, if τ = 0 then the newsvendor will order randomly between a and b every time. If τ = 1, then σ τ = 0 and it can be derived from (7) that Q t = D t−1 .
3) MaxEnt policy. Based on mean µ τ and variance σ 2 of historical data, the newsvendor takes normal distribution N (µ τ , σ 2 τ ) as the distribution of market demand, and then determines her/his optimal order quantity by (1) or (10) . Specially, if τ = 0 then the newsvendor will order randomly between a and b every time. If τ = 1, according to the principle of maximum entropy, then the market demand will be exponentially distributed with the parameter as λ = D t−1 and then the newsvendor can determine her/his optimal order quantity by (1) .
Besides the special cases mentioned above, we will also set another two levels of memory capacity, τ = 10 and τ = 50, to demonstrate the difference between small and large sample. In addition, since economic factors have only impacts on the scale of profit, so for simplicity, P, C and S are set to be 1, 0.6 and 0.4 respectively. At last, the demand is assumed uniformly distributed between 10 and 100.
Different policies have similar procedure of simulation experiment. (In fact, various policies differ only in Step 3.) Take Policy I as an example, the procedure of simulation experiment can be depicted as follows. 
5) If t T , ends and outputsΠ t ; otherwise, let D t+1
τ −1 and t := t + 1 then go to Step 3.
B. SIMULATION RESULTS AND ANALYSIS 1) VALIDATION OF SIMULATION EXPERIMENTS
First, we want to verify that our simulation method is desirable. To this end, assume there is a newsvendor who already knows the real distribution of demand. Hence, based on the traditional model, his optimal order quantity should be 70 and his maximum expected profit is 16 according to (3) and (5). This experiment has similar procedures as the above. As for the newsvendor adopts fix-quantity order policy, his order is fixed at 70 and there is no consideration of memory capacity as well. After 10,000 times of simulation, we get two series of data: profit Π t and average profitΠ t . In order to validate our method, we need to show that newsvendor's profit is statistically stable and its mean value equals to the theoretical value, i.e., 16. Therefore, two hypotheses are presented to be tested based on the results of simulation experiment. H1: The series Π t is stable. H2: The mean value of series Π t is 16.
If the 1 st hypothesis is true, the mean value of Π t is a constant though Π t may be different because of randomness of simulation (see Figure 1) . In Figure 1 , the x-axis is the times of simulation, and the y-axis is the simulation results Π t , which seems to be uniformly distributed and its mean valueΠ t (the solid red line) is stable statistically because almost all expected profits are scattered in the range of two times of the standard deviation of average expected profits. If the 2 nd hypothesis is true, the mean value of Π t equals to its analytical value from (5). If both hypotheses are true, our simulation experiment is feasible and the result are desirable.
We It shows that the null hypothesis is not true at significance level of 1%, 5% and 10%, respectively. So, we can conclude that the series Π t is stable and it has a constant mean value, which means the 1 st hypothesis is true.
Then, we test the 2 nd hypothesis in EXCEL by z−test. And the results are listed in Table 1 .
From Table 1 , it can be found that we cannot deny the hypothesis that mean value of Π t is 16 at significance level of 1%, 5% and 10% respectively based on different sample size. Therefore, the 2 nd hypothesis is true as well.
To sum up, both proposed hypothesis are statistically true. Hence, the results of simulation experiment are desirable.
2) INFLUENCES OF MEMORY CAPACITY
In the experiments, memory capacity is denoted by the parameter τ . In different policies, memory capacity will vary at various levels, namely 0, 1, 10 and 50, to find out its influences on newsvendor's expected profit.
First, the influence of memory capacity in moving-average policy is depicted in Figure 2 , where the x-axis is the times of simulation and y-axis is the average expected profit at various levels of memory capacity when the newsvendor adopted the moving-average policy. It can be found that the expected profit is increasing with her/his memory capacity. Figure 2 clearly demonstrates that memory capacity has significant influences on newsvendor's expected profit. When τ = 0 and τ = 1, it is hard to find clear difference because newsvendor has null or very limit memory capacity. However, when memory capacity increases, expected profit increases as well obviously. In addition, the newsvendor's expected profit is obviously larger when τ = 50. Hence, we can conclude that memory capacity has positive influences on newsvendor's expected profit in moving-average policy.
Second, the influences of memory capacity in Scarf and MaxEnt policy are depicted in Figure 3 and Figure 4 . In both, the x-axis is the times of simulation and y-axis is the average expected profit at various levels of memory capacity.It also can be found that the expected profit is increasing with her/his memory capacity no matter which order policy the newsvendor adopted. Figure 3 and 4 demonstrate the influences of newsvendor's memory capacity on her/his expected profit in Scarf and MaxEnt policies individually. In both policies, it is obvious that the expected profit is increasing with memory capacity similar conclusions can be derived too. To summarize, memory capacity has a significant influences on newsvendor's expected profit and his expected profit is increasing with his memory capacity when his computation ability is given.
3) INFLUENCES OF COMPUTATION ABILITY
In the simulation experiments, computation ability is expressed by different ordering policies. Three typical policies are discussed and the requirements for computation ability are ranked as moving-average, Scarf and MaxEnt policy from the lowest to the highest.
For special cases when memory capacity is 0 or 1, various policy have no difference. With given memory capacity τ = 10 and τ = 50 respectively, the influence of computation ability on the expected profit are depicted in Figure 5 and Figure 6 correspondingly. VOLUME 7, 2019 FIGURE 6. Expected profit of different policies when memory capacity is fixed at 50. Figure 5 and Figure 6 reflect the expected profit of different policies when the newsvendor's memory capacity is fixed at 10 and 50 respectively. In both figures, we can find that Moving-average policy has the lowest expected profit while MaxEnt policy has the highest expected profit. Hence, it can be argued that the newsvendor's expected profit is increasing with computation ability.
VI. LABORATORY EXPERIMENT
In order to verify results from simulation experiment, in this section a laboratory experiment was designed and executed. Subjects are post-and under-graduate students in business management and MBA students.
A. EXPERIMENT DESIGN
In the experiment, decision-makers' intelligence, namely memory capacity and computation ability in this paper, will be under consideration. To this end, the laboratory experiment is designed as three phases-pre-experiment, experiment, and post-experiment phase, as shown in Figure 7 .
In the pre-experiment phase, subjects are divided into small groups. Then, the newsvendor model, objective and procedures of the experiment are explained to the group members. In order to ensure that each subject understand the newsvendor model and experiment steps, the number of subjects in each group are limited to less than 10. After explanation, subjects are free to ask any questions about the experiment until they fully understand the experiment.
The experiment phase includes two procedures: data analysis and decision-making. At first, a series of fixed term(10 terms) of historical demand data are presented to the subject in the formation of data list. One subject decides how many groups of data to display at her/his own will. The number of groups and the length of used-time are recorded by the software. Until one subject feel that she/he already knows about the properties of market demand, the experiment proceeds to second procedure. An order-making interface is provided to the subject, where the price, cost and salvage are presented to the subject. And the subject is required to decide her/his order then submit it. Then, the decision results, her/his profit of last term, are presented to the subject. All these information are recorded as well. After that, the subject continues the process until the order decision is repeated a given times that is unknown to the subject in order to avoid the ''ail effects''.
After the experiment is repeated given times (40), the experiment goes to post-experiment phase. The experiment lasted time, order quantity in each term, and total profit will be recorded by the software as well. During the experiment subjects are not allowed to take notes in order to assure that they are making decisions just by their brainpower and intelligence purely.
In addition, in order to ensure subjects to take the experiment seriously, incentive measures are adopted in the experiment. The total profit is used to determine how many credits one subject can earn or loss. The highest profit will bring extra 20 credits to her/his course and the lowest profit will bring her/his −20 credits, and others' credits are distributed proportionally. This incentive measure are announced to the subjects before experiment.
B. RESULTS OF LABORATORY EXPERIMENT
In this study, we are interested in influences of decisionmakers' memory capacity and computation ability on their decision-making. However, the two properties are hard to differentiate clearly in real situation. It is also difficult to design an experiment to measure decision-makers' memory capacity and computation ability respectively by newsvendor model.
In data analysis phase, a subject might try her/his best to memorize historical demand and calculate some statistic index, mostly such as range,mode and average value. Therefore, in the design of experiment we recorded the number of groups of historical demand observed and the time used to analyze these data. Generally speaking, the more groups of data a subject analyzed, the larger memory capacity she/he might has; the shorter the time that a subject used, the stronger her/his computation ability has. Therefore, we calculate the ratio of the number of groups to used-time as a comprehensive reflection of memory capacity and computation ability. Such that, we may analyze the relationship between the ratio and total profit to verify the comprehensive influences of memory capacity and computation ability. In addition, during the decision-making phase, the terms of ordering decision is fixed for all subjects. However, subjects finished the experiment in various time. These differences might be viewed as another comprehensive result of various memory capacity and computation ability as well. If a subject used less time than others, she/he might has larger memory capacity and stronger computation ability. Therefore, we record the time length a subject used in decision procedure in order to analyze the relationship between the time length and total profit to verify the comprehensive influences of memory capacity and computation ability from another point of view. Furthermore, one's computation ability may be indexed by the quantity of over-/under-stock, whose absolute value is named as bias. If the bias is smaller, then one's decision accuracy is higher, which is highly dependent on his computation ability.
To summarize, subject's memory capacity and computation ability are indexed by the ratio of the number of groups of historical demand observed to the time used to analyze these data, and the time length of decision-making phase. We will try to find the relationship between these index and the total profit.
In order to keep the consistence with simulation experiment, the parameters are set to be same as in the simulation experiment. 87 subjects participated in this experiment. Table 2 are descriptive statistics of experiment results. The total profit is stable relatively because the standard deviation is small comparing with the mean value. This demonstrates that all subjects took the experiment seriously. However, number of groups, data analysis time and decision time varies a lot respectively. These results reflect that the distinctive differences in memory capacity and computation ability among subjects. In addition, it can be found that the mean value of over-/under-stock is negative, which means the order is less than demand at the average level. This is reasonable. In the set-up parameters, it shows that the goods is a low-profit one because its β value is less than 0.5. In this case, the decision is theoretically and practically smaller than the demand. To sum up, it can be assumed that the results of laboratory experiment is desirable.
In order to find the influences of memory capacity and computation ability, the coefficients between total profit and ratio and decision time are calculated in Table 3 . It can be found that the coefficient between total profit and decision time is highly positive related (the value is 0.810), and the coefficient between total profit and ratio is highly positive related as well (the value is 0.718). These relationship can also be verified by the scatter plot in Figure 8 and Figure 9 .
Then, regression equations between the total profit and the ratio, the decision time should be established. As discussed ongoings, ratio and decision time are comprehensive index of both memory capacity and computation ability, and their coefficient is relatively high (0.670). Hence, their interaction must be considered in the regression equation, such that we used stepwise regression method to determine the appropriate equation.
By stepwise regression method, where TotalProfit is the dependent variable and Ratio, DecisionTime and Ration*DecisionTime, the interaction between them, are independent variables, the regression results are listed in Appendix.
From above results, it can be found that Model 3 is the best one because its adjusted R square is largest. And the equation and coefficient are statistically significant. The regression From the equations, the positive relation between total profit and the ratio and the decision time are verified. Thus, the conclusion of laboratory experiment is same as simulation experiment, that is, both decision-makers' memory capacity and computation ability have significant and positive influences on their expected profit.
VII. CONCLUSION
Decision-makers' intelligence level is an important factor in decision-making field. Usually, decision-makers are preassumed to be as intelligent enough as needed. Through the approach of simulation and laboratory experiment, this paper analyzed the influences of decision-makers' intelligence, namely memory capacity and computation ability, on decision-makers' expected profit. From the results of experiments, we find that both decision-makers' memory capacity and computation ability have significant and positive influences on their expected profit, which seems to be a direct and simple results. However, it might provide another piece of reason why decision makers do not always act optimally. Because differences, in practices, always exist in decision makers' memory capacity and computation ability though it is hard to measure them. Therefore, decision-maker's intelligence cannot be ignored and should be taken into consideration in the frameworks of behavioral decision analysis.
APPENDIX RESULTS OF STEPWISE REGRESSION
See Figures 10-12 .
